NOU-10-2004 15=56 



BDSM 



7038362021 P. 18/38 



United States Patent m 

DePorter et al. 



U5005932665A 

[u) Patent Number 5,932,665 
145] Date of Patent: Aug. 3, 1999 



{541 POLYCARBOXY POLYMER ACID BINDERS 
HAVING REDUCED CURE TEMPERATURES 

[75) Investors: Cmig Donald DftPorfcr, Denver; 

Thomas Job* Taylor, Eofilcwood, bp* 
of Colo. 

[73] Assignee: Johns Manrflb Internstiooal, Ine* 
Denver. Colo. 

{21] AppL No.: 0*796,832 
(22] Filed: Feb. tf, 1597 

[51] lata. 4 — CWF8P2 

[52] US. a. 525/381; 428/2905 426/365; . 

428/375; 525/329.6; 525/380; 525/3S2; 



4,076,091 
5,108,798 
5,1*3,582 
5,318,990 
5,411026 



2/1978 Swift rial.. 

4/1992 Gucrro et al. . 

9/1992 Arkeas « eL . 

6/1994 Stf&Utt. 

5/1995 Holy et aL . 



[58] FWd of Search 

156] 



525/384; 525/385 
428/290* 365, 



428/375; 525/380, 381, 382. 384. 385 
References Cited 
U.S. PATENT DOCUMENTS 
3^58,772 4/1972 WE « a|. . 



FOREIGN PATENT DOCUMENTS 

0583086 7/1993 Europun PiL Off, . 
0651088 1/1994 Europeaa Pat. Off. . 

Primary £xammcr-8einird Uprnau 
Attorney, Agent, or Firm— Robert D. Tbuslcc 

157] ABSTRACT 

By carefully adjusting the molecular weight and amounts of 
rocthacryb'c acid and malcic add lodAir maJeic anhydride 
cocoonooiers in poly acrylic acid -based £bcrgl«* binders, 
bindcr-trcatcd fiberglass cured and B-slagcd product 
throughput may be mit' 1 ^ 1 '"" 1 u production rales designed 
for phenol/form aldehyde binders due to the lower thermal 
requirements for cure as compared to bomnpolyacryUc 
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POLYCARBOXY POLYMER ACID BINDERS 
HAVING REDUCED CURE TEMPERATURES 

TECHNICAL FIELD 
The subject invention pandas to tbennosctuble binding 
resins. More particularly, the subject invention pertains to 
fJaeraosetting, acrylic acid-based binder resins which euro 
by erottJialtiog with a pory functional, ouboryl group* 
reactivo cuiiog agent Sucb bioder- an useful as replace- 
ments for foraaldehyde-based binder* io non-woven fiber- 
glass goods. 

BACKGROUND ART 

Polymeric fiberglass binders have a variety of uses rang- 
ing from stiffening applications where the binder is applied 
In woven or ooo-wovod fiberglass sheet goods and cured, 
producing a stiff er produce lb nnoo forming amputations 
wherein the binder rests, b applied to sheet or lofty fibrous 
product folio wing which it is dried and optimally B-steged 
to form an intermediate bul yet etirabie product; and in fully 
cured systems such as building insulation, wherein the 
binder is fully cured to its ucrmoset state while lbs fiber- 
glass is in the tuBy expanded condiiioQ, following which the 
rolls or baits are eatnpressed far storage and sMpmenL In (he 
latter ce**, >t is imponaot that upon releasing the 
comprcssioa, thai the bait or roll of fiberglass insulation 
recover a substantial part of Its preeompressnd thickness. 

Polymeric binders used io the present sense should not be 
confused with matrix resins which are an entirely different 
and non-analogous field of art. While sometimes termed 
"buufexs"» matrix resins act io fill the entire interstitial Space 
between fibers, resulting in a dense, fiber reinforced product 
where the matrix must translate the fiber strength properties 
to the composite, whereas "binder resins" as used hereto are 
oot space-filling, but rather coat only the fibers, and par- 
ticularly the junctions of fibers. Binder resins io these 
applications perform do translation of fiber strength. Rather, 
tbe unique physical properties of these products are related 
io general to polymer stiffness rather than fiber strength. 
Fiberglass binders also cannot be equaled with paper or 
wood product -binders' where the adhesiv* properties are 
tailored to tbe chemical nature of the cellulosic substrates. 
Many such resins, e.g. urea/form ildebyde nod resardnol/ 
formaldehyde resins, are not suitable for use as fiberglass 
binders. One skilled in the art of fiberglass binders would not 
look to cellulosic binders lo solve any of the known prob- 
lems associated with fiberglass binders. 

From among tbe many thermosetting polymers, numerous 
candidates for suitable thermosetting fiberglass binder resins 
r ri r* However, bu>der-coafcd fiberglass products am often 
of tbe commodity type, and thus cost becomes a driving 
factor, ruling out such resins as thermosetting potyuretfl ao cs , 
epojdes, sod others. Due to their excellent cost/perform iocs 
ratio, the resins of choice in tbe past have been phenol/ 
formaldehyde resins. Pbcool/roraaldehyde resole resins can 
be economically produced, and can be extended with UICI 
prior to use as a binder in many applications. Such Urea* 
extended phenol/form aldehyde resole binder* hive been (he 
mainstay of the fiberglass Insulation industry for years, fix 
example. 

Over the past several decades however, minimization of 
volatile organic compound emissions (VOQ) both on the 
part of the industry desiring lo provide a cleaner 
environment, as well as by Federal regulation, has led to 
extensive investigations into oot only reducing emissions 
from the current form aide h yd 6 -based binders, but also into 



2 

candidate replacement binders. For example, subtle changes 
in tbe ratios or phenol to formaldehyde in tbe preparation of 
tbe basic pbenol/form aldehyde resole resins, changes io 
catalysts, and addition of different and multiple formalde- 
s hyde scavengers, has resulted in considerable improvement 
io emissions from p be noj/form aldehyde binders as com- 
pared with (be binders previously used. However, with 
increasingly Stringent Federal regulations, more' and more 
attention has been paid to alternative binder systems which 

to are free from formaldehyde. 

One such candidate binder system employs polymers of 
acrylic acid as ft first component, and o polyol such as 
glycerine or a modestly oxyalkylatcd glycerine as a curing 
or *cnj5sHnking M eomponcni. The preparation and proper- 

15 tics of such poly(acryhc acid>bssed binders, including 
information relative to the VOC emissions, and a compari- 
son of binder properties versus urea formaldehyde binders is 
presented in "Formaldehyde-Free Crosslinkiijg Binders For 
Noo-VVbvcn5\ Charles T. Ark ins et al.. TAPP1 JOURNAL, 

w Vbt 78, No. 11. pages 161-168, November 1995. The 
binders disclosed by (be Adcins ankle, appear to be 
B-stageable as well as being able io provide physical prop- 
erties similar to those of urea/form aldehyde resins. 
Unfortunately, urea/form aldehyde resins do not in general 

15 offer the same properties as phenol/form aldehyde resins, tbe 
most widely used fiberglass binder resins. 

VS. Pat No. 4,076,917 discloses B-bydroxyaDeylamidea, 
more particularly bis(pMiydroxyalkylamides) as curing 
agents for polymers containing earboxyl functionality. 

30 Numerous unsaturated monomers are disclosed for prepa- 
ration or the carboryl-functional poJymer. and copolymers 
of ethyUcrylate/melbierylic acid, and ter- and tetra polymers 
of butyUcrylate/nKthyhncthflCTylato/styrene/metbiCTylic 
add; etbylscrylate^yiene/methaciylic acid; botyl acrylate/ 

M methacrylic ecid/styr«ne/maleic anhydride; sod 
Ktbylacrylate/metbylmetfaecryUte/methacrylic acid are 
among tbe carboxylic acid group-containing polymers 
exemplified. 

US. Pat No. 5,108,79ft discloses water soluble binders 
prepared front polyfunctions! carboxylic acids and - 
fl-hydroxyurethancs. Among the polycarboxylic acids, pref- 
erence is given to oopomeric polycarboxylic acids Such as 
tbe cycle alka oe icUaearboxytic acids and anhydrides, 
pyromclliiic acid and its anhydride, and malcic acid and its 
anhydride. Polymaleic acid and porymaletc anhydride are 
also identified. Poly(acryEc acids) are exemplified as not 
producing cured products with good tensile strength, 
VS. Pal. No. 5,143482 discloses beat resistant oen- 

w w ovens coma icing ammonia-neutralized polycarboxylic 
acids, either monomerie or polymeric, and (Mrydroxyilkyl 
amides. High molecular weight poly(acrylic acid) is shown 
lo be superior to low molecular weight po!y(ocryIic acid) in 
these applications. Apparent cure temperature Is 204* C. 

55 However, the binder compositions are believed to liberate 
ammonia upon cure. Ammonia emissions are becoming 
increasingly tightly regulated. 

VS. Pat. No. 5,318,990 discloses fiberglass insulation 
products cured with a combination of a poiyearboxy 

H polymer, a p-byoVoxyalkylamjda, and an at least trifnnc. 
nana I monomelic carboxylic add such as citric acid. No 
poiyearboxy polymers other than poly(acryKc acid} are 
disclosed, although ro- and terpolymcr poiyearboxy acids 
are broadly disclosed. 

ti Published European Patent Application EP O 583 086 Al 
appears lo provide details of poly acrylic binders whose cure 
is catalyzed by a pbospbo^-contiuoiog catalyst system as 
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discussed to lbs Adeems article previously died. European curtly lowered through incorporation of maleic add and/br 

Published Application EF O 651 088 A! contains a relitcd oaUeic anhydride into the porycarboxy polymer, and oper- 

disdottins pertaining to ceHulosic substrate hinders. The a ting on the lower apparent molecular wcigbl cad of the 

fiberglass binders of EP '086 ire partially neutralized poly- 20-100 KDt range. By these methods, euriog temperatures 
carboxy porytoexs sad bydroxyl-fuoettood curing agents 5 can be lowered from cj. ISO" C. to lempsraiures less than 

wherein the polycsrboxy polymers are prepared io lbs 140* C As a result, the suitability of poJyacryU'c acid binders 

presence of indium bypopbosphitc, tocorporating tbc letter M replace meals for phenol/formaldehyde and other 

into the polymer structure or by toooiporatiflg sodium hypo- formaldehyde-based resins in current commercial operations 

phosphite separately ioto the curable nurture of potyea rh axy fe enhi need 
polymers to serve as the curing catalyst. Terpolymere of 

acrylic acid, nwleic acid, and sodium bypopbospbite are 10 BRIEF DESCRIPTION OF THE DRAWINGS 

exemplified but appear to reduce both dry and wet tensile FIG. 1 is a DMA plot illustrating the temperatures asso- 

streogtb ss oompared IO poly(acrylic acid) catalyzed with ^ d Ufa ^ ' 1Qd terminus of cure. 

more rxmrpfete aire. Under the same conditions, cofjolymers 15 DETAILED DESCRIPTION OF THE 

of acrylic acid end maleic acid are shown to have less PREFERRED EMBODIMENTS 

Further and moot uaoorUoUv. ss AdcenS indicates, the M poiymcrcwo poi y^acryuc acw; ovinia wa « ib« xu 
M Sd Sri ^Spe^of to acrylic binder t£s fa P^ of 

approximately ^rFc, and • final cure does not take place Oihwr polymenzabte mouorncrs, ic etyreoe, 

without prolonged healing at this temperature or by allowing a^ylonitnle, and the him may also be present. In general, the 
tbc tr^npermrern to rise to the range of 220* C to 240" C The blfiber the content at acrybc acid, mcthacryhc acid, maleic 
combinatioo of curing temperature and cure time necesai- is anhydride, and maleic acid, the higher the theoretical 
tales thermal energy requirements considerably in eaccas of crosslink density of the thermosetting resin system. If a resin 
What b normally desirable for pbeool/form aldehyde resins. system with less than the highest degree of crosslinldng is 
While it might seem that a simple increase in furnace desired, non-crosslbticable monomers such as etyreoe, 
temperature could provide the additional thermal energy acrytonitrtle, methylacrytate, and m ethyl melhecrylate, may 
required, it must be remembered that io a commercial ^ be added. The pnlymcriadon of tbe monomers preferably 
setting, the cxccpbooally Urge furnaces, powerful beat occurs in aqueous solution, for example by tbe methods 
supplies, and ancillary equipment must an be changed if a disclosed io U.S. Pat. Not, 3,658,772 and 5,4-12,026. 
binder witi higher thermal energy curing requirements is to A a^jy was initialed to examine the effects of polymer 
be ^LS*? ™ DOt v*™* 1 and cemposi tioe, molecular weight, and polyol and csteriftcatiou 

Svmg^uimg eoerg/ reqlSen^S dnrflar to tSsTof « a^d after the pory mutation was complete. Allltough the 

plW^a^yocbrndL would be desirable. geli Were duo to bisi i^le^ar ^^bt and not cross mhng 

TV- , mA „ 1mo m „ Mtmu^ m h» (^"7 were still soluble), all effects attributed 10 molecular 

Tbe sure temperatures and rates of cure are believed 10 be ^ .V „„„ . „ . ^ T ^„. . ^ 

dependent upon a number of factors. These, of course, we * ht w * eel duc 10 1 P»°* Dle Tromsdorff effect 

include the reactivity of the carboxylic acid and polyol and , ^rJeoilar weigW deiermtoadon was done using a Waters 

tbe presence and type of eUerificalion catalyst yZlJuL Tb* « H !^^?/" "^^'1 b f * f -T^ 0 CWattrs). Water, 

poMaayiic acid) polymer and *e polyoj together contain "^^^^^^^^^^ 

far more iheorericaj cjossllnrlM possibilities than is mDMc P DBC - Re P onfcfl rnoiftcuiar wetghts are apparent 

believed necessary to provide the tuWessary atisslinking to o"»ber average molecular weights versus poly(sodium 

attain a thermoset binder. Il is believed that a significant mewacrylate) narrow standards (Polyscieoces) using Milfc- 

fracdon of carboxylic add groups from the po!y{acryKc « 2010 "ft^»» C ° f «»Jucrioo and a linear cahbra- 

acid) and hydroxy^ T groups from tbe polyol in fact do not ti « ^ c rnolecular wets^ts determmed by ttus 

esterify, but remain unrcacted in tbc tbermaet product One m * bod , ,re tcluaUy believed to be lower than the acwal 

of tbe reasons for the difficulty of exterificatjoo 0 f poly molecular wetghts. The term -apparent" used herein and in , 

(acr^^e^te^^ anTpolyol byirotyl ^ claims ia reflective of moteadar weight measurement as 

groups is that poly(acrylic add) T -Ueved to form self- » ^^^^^^ " L" d If 

associating discrete phases upon loss of water solvent, ^^^^*i m ^ , 1 ffl ? ,d ™ n***"™ 3 *** 

possibly to the exclusion of the polyol present Crosslinldng perfomed by those slaUed In the an. 

via cstorification can then only occur wbco suffident tbennal Cure profiles were measured using b Polymer 

energy is present to disrupt these discrete phases. Such Laboratories, be Model DMTA 01 Dynamic Mechanical 

molecular disruption Day occur solely via thermally. 60 Analyzer (DMA). Tbe binders were impregnated in What- 

Induced molecular motions, andJbr by a change io the 010 mlerofiherglass filter paper strips, about 0.27 grams of 

polymery lie add) molecule caused by internal anhydride binder solution on two strips about 20 millimeters by 7 

fcrmation between neighboring carboxylic add groups. rnfllimeters in dimension. The strips were then laminated 

rww * ™ ™- -t™^ .vn^mnu damped into Uw DMA. Dynamic moduU were mea- 

SUMMARY OF THE INVENTION ^ sur6d from 80° C to 300* C. al 4* CVminute io air. Tbe onset 

It bus now been surprisingly discovered tbnl cure 1cm- and compjelioo of cure were determined as shown in FIG. 

peralurcS of poh/carbory polymer binders can be signifi- 1. Tbe cure evaluations were done in random order. 
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Hie cuts profiles were chixscierixed by an onset and i employed. Tbe polymerfeauons were conducted^ acpum- 

tentatf ^rr ^^rp^tiDn of several DMA scan* 20 mL us rube. wUb oo anerupt » dec ^enj* 

^Sduc to so apparent twe-tue* cur. in many JV* " f * ,c ^^ ^ ^^Tl.^dto. 

J;. H ^^7- ut, i, AAvn-vu SO mL of each of ihe ibrcc solvent mixtures was •Med to a 

of the formulations ottUining nufc* ncd. It ™fP^*- ^.^^^0 <ub 0 . Tbe initiator wis delved in the water 

conuiowJ to those formulsaans which contributed to the gj^^ ^ ^ ^ ^ K) , Dtio[iS ^ dissolved. The 

observed phenomenon. An cxperimenl was conducted in ^ wer& djarged with 8 mL Of tbe Bolvenv/loiti>tor/ 

extmioe Ihe idlecte of fee raaleic addon tae cure profile of sodiuo bisulfite mixtures, and the desired monomer 

i polyatbacypatymzzt&jml system. A commercial poly ]Q amOUOts added. The tubes were septum sealed and placed 

(acrylic ftcyQ was blended with zualeic add al a weight ratio ioto i convection oven ai 60* C*5* C After three hours, the 

of 1-0-5 and cured with glycerol al a cajboxy1:bydroxyl mol oven was turned off and the tubes allowed to cool 10 room 

ratio of approximately 1:1. DMA showed a two-rep cure tesrpeniure slowly overnight inside the oven. 

(FIG. 2) for this system with the first cure being complete at The septa were removed from the test tubes and the 

apprwdmitaly 2l0* C followed by a second el 260* C The i* contents were transferred to scintillation vials. Catalyst and 

reape^iblc for further increasing modulus by a> in das fiber filter strips as before, to the second a* of 
through the unsaturate present Therefore, when there jj^^^^ dbe solids content was approximately 20% 
were two apparent cures in the DMA scan, the first one was Slcad of 50%. As a result of the lower solids content, the 
considered the "true" cure with respect to analysts of the viscosity of the polymer soniltons were significantly lower 
experimental data. than those ut the first campaign, *od tbus. the Tmmsdorff 
This study indicated that higher catalyst levels, near 25 effect was oot believed operable. In the second campaign, 
stoichiometric poryol. and lower molecular weight favored the initiator kvel was kept constant at 3 parts per 100 parts 
lower cure temperatures. However, loo molecular weight ofmooomer (phm), and sodium bisulfite was used as a redox 
effects were suspect as mentioned earlier. catalyst for me initiator at 1.5 phm. The charges for earn- 
However, as a result of some of these uncertainties paign 2 are presented in Table 1. Id the Table, AA is acrylic 
thought present in the first experimental campaign, in a 30 add, MA is mcihaerylic add. MaA is maleic acid weight 
second ejmcrimectal campaign, a more accurate limitation fractions as charged, and iPA a ssoesxmenoL The columns 
of molecular weight wis achieved through the addition of a identified as X-AA, X-MA, and X-MaA are the inferred 
chain transfer agent, fcroropspoL A potassium p=csulrW polymer compositions in weight fraction*, b^ <* anarysrs 
sodium bisulfite iedox*free radical initiator system was of residual, wueactcd monomers in the polymisriraiion vuls. 
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The polymen weft cured wtfb glycerol aod sodium prevent or minimis ibe self-assodaitfig discrete phases 
bypoptosahiio hydrite as bo esjerifieatioo catalyst. The which polymery lie idd) polymers may otherwise adopt, 
onset ind completion of curt an shown as nwured in thus acr^g the Jikelibood of esterificauoti without 
Tabk , r requiring disruption of Ibe idler- tod intramolecular order by 

s thermal energy. Tbc effect of maleic acid oc cure tempera* 
table 2 hire is far greater than airy effect Much might be attributed 

to the number of carboxy groups, a factor which might affect 
the ultimata crosslink density but should cot greatly affect 
cure temperature. 
, K has been further discovered mat faster cures can be 
achieved by lowering the molecular weight of the poly car- 
boxy polymer* to below about 6x10* Da (Dahans), prefer* 
ably below 5x1 0* Da, and most preferably below 3x1 0 4 Do 
relative in polrfsodium methecrytate) standards. Molecular 
weight* expressed hereto are apparent number average 
1 mnleeujalf weights Versus polyfsodium mcuiawylaie)" stan- 
dards unless otherwise specified. Limiting the molecular 
weight of ib« polymer may be achieved by traditional 
method*, It. through additino of increased levels of initiator 
mdhi chain transfer tgpni Suiuble chain transfer agents 
20 am those generally known to those skilled in (he art of vinyl 
polymerization, e.g. tsopropanoi, 2-btttanOi. i-butaaoh 
toluene, o-dodecyunercaptan r trichloramdomeihane, and Ibe 
like. The effect of decreased molecular weight is not as great 
b towering curing temperature as the effect of incorporating 
maleie acid. However, the effect is significant nevertheless. 
Without wisbiog to be bound to any particular theory, the 
effect of decreased molecular weight in lowering cure tem- 
perature is believed due to increased molecular mobility. 
The poh/CAfboxyUc polymers of the subject invention 
M include minimally 20 weight percent acrylic add, preferably 
40-70 weight percent acrylic acid, and most preferably 
about 55 to 65 weight percent acrylic acid. " Acrylic add" 
and otter monomers referred to herein in weight percent are 
the weight percent of monomers reacted relative to total 
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The polycarboxylic polymers contain minimally 5 weight 
percent maleic add ■nd/or malejc anhydride, preferably 
from 20 weight percent to about 60 weight percent or more, 
and more preferably from about 30 weight percent to about 
40 SO weight percent. 

The potycarboxylk polymers may contain mctbacrylic 
add in minor quantity. However, the mcibacryb'c acid 
should be present in not more than 30 weight percent, and 



•9A- 2-ptteuel wed u eaile matter ■seat to PKM, bataavef 400 PHM 

t of cure, *c regardless of actual amount, should nni exceed 70 percent 



w/w of the amount of acrylic add utilized. 
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The results of the beretofo re-described experimentation 
indicate that addition of maleic acid* and/or rualeic 
anhydride-derived moieties to a polycarboxy polymer add 
cotopcmcoi of a curable binder system is effective in low- 
ering the curing temperature significantly. Without wishing <>5 
to be bound to any particular theory, applicants believe that 
the vicinal carbcxylfc acid groups of maleic acid tend to 



Most preferahly, the polycarboxy polymers are composed 
substantially of the polymerized residues of acrylic acid, 
maleic acid aod/or maldc anhydride, and optionally mctb- 
acrylic acid. However, it is also possible to add miner 
quantities, not to exceed 50 weight percent of tho tola! 
monomer charge, of one or more oon-carboxyl functional 
molecules, i.c styreoe, ctmeibytstyrepe, p-methylstyrene, 
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meuylmetJtacrylslc, ocrytoniuila, aod the like. Other unsat- 
urated esrboxytie adds and polyfcirboxytic icidt) may also 
be used, With respect to additional unsaturated carboxylic 
•cids, U. income acid, meibylnwteic acid, and tbc like, the 
amounts employed may be greater than 50 weight percent of 

Tbo curing component of the subject modified pojyear- 
boxy polymer binders include polyfuncliocaJ carboxylic 
add* ladhr carboxylic ara'd anhydride-reactive functional- 
itica such as hydroxy!, amino, epoxy, aod (be like. 
Preferably, however, tbc reactive fiioctionalhy b hydroxy 1 
functionality, Lc. toe curing component is a poryoJ. Suitable 
polyols include but are OOt United to glycerol, 
triethanolamiae, trimclbylolpropane, peotaerythrilol. 
sorbitol, totraki42-bydrOXyaUcy]>U)ylci» diamines, poly 
(vinyl alcohol), partially bydrolytcd polyvieylacetau, and 
the like. 

The compositions of the subject application in general 
require a catalyst for cure to occur at relatively low tem- 
perature. In the ease of cure by esterifieation with hydroxy J 
gjoups. suitable catalysts are the known esterifieation and 
transesterinealion catalysts. Examples are metal 
napbtbeeates, cob Utiles, vanadates, tortiaxy amines, etc. A 
preferred esterifl cation catalyst is an alkali metal bypopbos- 
pbile. Lists of suitable catalysts may be found io toe refer- 
ences previously cited, which are incorporated herein by 
reference. In the case of other reactive functionalities, Se- 
curing with arnino-functional compounds to form amide or 
imido linkages, catalysts which promote amidization or 
imidizatiofl may be employed. Such catalysts are well 
known to the artisan skilled in amidization and/or imidiza- 
tioo reactions. 

While (be best mode for carrying out the invention has 
been described in detail, those familiar with Ibe art to wbJcb 55 
ibis hrveotioD relate* will recognise various alternative 
designs and embodiments for practicing the inventing it 
defined by the following claims. 

What is claimed is: 



said ' 



a) a modified poryacryb'c add polymer comprising from 
about 30 percent to 100 percent acid-functional mono- 
mers selected from the group consisting of: 
a)i) about 30 (o 85 weight percent acrylic acid, 
(a)u) about 1 to about 20 weight percent metbaerylic 

add, and 

a)uf) about 20 to about 7D weight percent rnaleJc acid 

and/or maleic anhydride, and 
a)tv) mixtures thereof, 

' it pcrcents based on the total moles of add- 
monomers, any non-acid functional monomers 
comprising one or more copolymerizable, unsaturated, com- 
patible monomers; 

b) one or more polyfuodiooai, carboxylic add group- 
reactive curing agentft); 

14 c) an effective amount of s catalyst which promotes the 
reaction between carboxylic acid groups and said car- 
boxylic idd group-reactive curing agent. 

3. The process of claim I wherein said binder comprises 

a) an add-fuactiooal polymer comprising from 30 to 100 
M percent moieties derived from polymerization of unsat- 
urated monomers selected from the group consisting of: 
a)0 bom about 35 weight percent to about 75 weigh) 

percent acrylic addkJcrircd moieties, 
a>ti) from 0 to about 20 weight percent metbaerylic* 

15 derived moieties; 
a)iii) from 25 weight percent to about 70 weight 

percent maleic acid-derived moieties and/or maleic 
anhydridc<dcrived moieties; and 
a)tv) mixtures thereof. 
H with the proviso mat at least a)i) and a)iU) dust be present, 
and any Don-add-functional monomers comprise copory- 
merizable compatible monomers, said weight pcrcents based 
on Ibe moles of total add-fucctional polymer, 

b) a curing agent bearing a plurality of reactive function- 
alilics reactive with a carboxylic add group; 

c) se amount of a cabilyst effective to ciiaiyae the reaetioo 
between **jd carboxylic add groups of said acid- 
functmnal polymer and said curing agent. 

4. The process of daim 3 wherein said add functional 



LA process for tocreadng the throughput of a polyacrylic ^ polymer has an apparent number average molecular weight 



acid-based binder-treated fiberglass cured or B-sugcd 

product, comprising: 
selecting as a binder a modified polyacrylic arid-based 
binder having moieties derived from acrylic add and 
maleic add and on apparent number average molecular 45 
weight of less than 60,000 Da, such 1 thai' the onset of 
cure measured by DMA si a temperature ramp of 4* 
C/min. is below about 155* C. and (he terminus of cure 
measured under the same conditions is less than about 



20ty*C. 

2. The process of claim L wherein said binder comprises 
the admixture or curable reaetioo product thereof of 



between about 20,000 Da and 60,000 Da. 

5. The process of claim 3 wherein said add functional 
polymer has an apparent number average molecular weight 
between about 20,000 Da and 30,000 Da. 

6. Tbc process of claim 1, wherein the modified poly- 
a cry tic arid-based binder has an apparent number average 
molecular weight nf less than 50,000 Da. 

7. The process of claim 1, wherein the modified poly- 
acrylic add-ba&cd binder has an apparent number average 



so molecular wdgbt of less than 30,000 Da. 
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